Main outcome measures: Incidence of contrastinduced nephropathy (CIN) and renal function as measured by the 48-hour serum creatinine (SCr) levels.
Results: No significant difference between the patients who underwent angiography and those who did not in terms of the initial haemoglobin (Hb), SCr or estimated glomerular filtration rate (eGFR) level on arrival at the emergency department, 48 hours later, or at discharge. No significant difference in the incidence of CIN was found between these two groups of patients regardless of the criteria for identifying CIN. In the group of patients aged ≥55 years, those who underwent angiography had a significantly worse 48-hour SCr level than those who did not undergo the treatment. In addition, there was no significant difference in the 48-hour SCr level between the two groups of patients when subgrouping the patients according to sex, large haemoperitoneum revealed on CT, systolic blood pressure, initial Hb, initial SCr and initial eGFR levels.
Conclusions: This study demonstrated that angiography does not increase the incidence of CIN, and was not a risk factor to renal function impairment in patients with BSI who had undergone CECT.
BACKGROUND
With the advances in radiological diagnostics and therapeutic procedures, including contrast-enhanced CT (CECT) 1 and angiographic intervention [2] [3] [4] non-operative management (NOM) has become common at the emergency department (ED) for early diagnosis and management of visceral injury. However, the issue of potential contrastinduced nephropathy (CIN) has raised serious concerns. 3 5 CIN is commonly defined as an increase in serum creatinine (SCr) of 0.5 mg/dL or a 25% increase from the baseline value assessed at 48 hours following contrast administration. 6 Some authors suggest that the association of renal function impairment with the contrast medium may be overemphasised, [7] [8] [9] [10] [11] as reported that the intravenous contrast did not cause an increased risk of acute kidney injury even in patients with comorbidities predisposing them to nephrotoxicity. [12] [13] [14] In addition, a significant subset of patients with <50% left of functional nephrons did not exhibit, or only have marginal, clinical changes in SCr. 15 There are still some concerns, however, regarding patients with trauma who are usually hypovolaemic and cannot undergo detailed assessment of renal function Strengths and limitations of this study ▪ This retrospective study had its inherent bias; however, the patients with blunt splenic injury were treated with adherence to protocol-based strategy, including with non-operative management policy so as to mitigate the retrospective bias as much as possible. ▪ Serum creatinine as the main measurement of outcome reflects a less accurate renal function than creatinine clearance and may lead to a bias. ▪ A lack of detailed data on administrated fluid volume, contrast dosage and long-term renal function may cause some bias in the outcome measurement.
and often have to undergo more than one contrastenhanced imaging study. Currently, the reported incidence of CIN is widely varied (ie, 1.9-24%) in studies where patients with trauma are concerned. 3 8-10 16-19 With the growing popularity of NOM for patients with blunt splenic injury (BSI) 2 4 serial infusions of contrast within a short period are needed but the issue of whether extensive contrast medium causes a detrimental impact on renal function in this patient population is less discussed. Therefore, the aim of this study is to assess whether angiography after CECT under the policy of NOM would add to the risk of renal injury in patients with BSI.
METHODS

Study population
The data were extracted and retrospectively reviewed from the institutional trauma registry with medical records of all patients with BSI admitted to a level I trauma centre (Kaohsiung Chang Gung Memorial Hospital) from January 2004 to December 2014. Patients with trauma who underwent CECT of the abdomen under the diagnosis of BSI were managed according to our management algorithm for BSI 4 where patients would initially undergo NOM. The indications for angioembolisation included grade 4/5 splenic injury, contrast extravasation or significant haemoperitoneum as seen on CT. If haemodynamics was unstable or peritonitis was suspected, NOM was converted to a laparotomy. A NOM failure was defined as a patient who returned to the operation room subsequently after conservative treatment. The patients receiving either NOM or laparotomy were observed in the intensive care unit (ICU), where laboratory data were acquired daily. All patients who underwent initial diagnostic intravenous abdominal CECT with or without angiography for splenic angioembolisation were included in this study, while patients with a known history of end-stage renal disease, age <16 years, incomplete data, initial CECT performed at another facility, angioembolisation not performed within 48 hours after CECT, and those who expired within 48 hours were excluded. The dose of intravenous contrast medium Iohexol (OMNIPAQUE) for abdominal CECT and intra-arterial angiography was 60-120 cc and 100-150 cc, respectively, depending on the weight of the patient in accordance with the protocol of the radiological department. The upper limit of overall contrast dose was 1.5 mL/kg for abdominal CECT and 3 mL/kg for angiography. Other than fluid resuscitation, no prophylactic measures against CIN were used routinely. An informed consent was waived according to the regulation of Institutional Review Board (IRB).
Collection of injury severity and measurement data
The Injury Severity Score (ISS) and Splenic Injury Scale (SIS) were calculated according to the American Association for the Surgery of Trauma grading of injury. 20 The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) study equation. 21 Significant haemoperitoneum on CT was defined as the presentation of fluid accumulation over the perisplenic, paracolic and pelvic regions. 4 CIN was defined at 48 hours after contrast administration using the Barrett and Parfery criteria, 6 22 Acute Kidney Injury Network (AKIN), 23 or Risk of renal dysfunction, Injury to the kidney, Failure of kidney function, Loss of kidney function and End-stage renal disease classification (RIFLE). 24 Kidney trauma was defined as direct trauma to the kidney noted using CT.
Data obtained included demographics, body mass index (BMI), comorbidities including diabetes, hypertension, liver cirrhosis, history of habitual smoking and alcohol consumption, mechanism of injury, ISS, SIS, initial vital signs including systolic blood pressure (SBP) and heart rate on arrival at the ED, haemoglobin (Hb) level on arrival at the ED and 24 hours later at the ICU, renal function data acquired throughout the course of hospitalisation including initial SCr level with eGFR at ED on initial arrival, repeated SCr level with eGFR 48 hours later and a follow-up of the SCr level with eGFR at discharge, blood transfusion units at ED and during hospitalisation, length of stay in ICU and hospital, CT presentation including contrast blush, significant haemoperitoneum and kidney trauma, and outcomes including the incidence of CIN and mortality.
Analysis of the grouped participants
The clinical presentation and outcomes were compared between patients with and without angiography. To evaluate the possible association between the risk factor and CIN, all patients were further divided into subgroups according to different clinical conditions or comorbidities for comparison between patients with and without angiography. These factors include comorbidities (diabetes, hypertension, cirrhosis), old age (≥55 years), 3 16 17 sex, obesity (BMI≥30), 25 habitual smoking or alcohol consumption, pre-existing renal insufficiency (initial SCr>1.5 mg/dL or initial eGFR<60 mL/ min), 8 10 18 shock on arrival (SBP<90 mm Hg), 8 10 14 17 anaemia with massive bleeding (initial Hb<11 g/dL), 26 need for transfusion (24-hour Hb<10 g/dL), 27 significant haemoperitoneum on CT 4 severe injury (ISS≥16, SIS 4, 5). 4, 10, 20, 27 The Hb level of 11 g/dL or 24-hour Hb of 10 g/dL was adopted in this study according to reported evidence that these have been deemed as a cut-off point for initiating the massive blood transfusion protocol, and guiding the need for blood transfusions to prevent trauma-induced coagulopathy, respectively. 26 27 The occurrence of CIN was used as the primary measurement of outcome, whereas the change of 48-hour SCr against those initial SCr on arrival at ED, the blood transfusion units, the length of stay in ED or hospital, 25 and the mortality were used as the secondary measurement of outcome.
Statistical analysis
Interval data were reported as mean±SD. The Mann-Whitney U test and Wilcoxon rank-sum test were used to analyse continuous variables that were not normally distributed to compute for differences between the groups. Categorical data were analysed by Fisher's exact test and χ 2 test. Two comparable populations of patients with and without angiography were created by the 1:1 Greedy method using NCSS software (NCSS V.10; NCSS Statistical software, Kaysville, Utah) according to the propensity-matched scores, which were calculated using a logistic regression model with age, gender, ISS, SIS and 24-hour Hb as covariates for adjustment. Comparison between these two propensity scorematching populations regarding the 0-hour and 48-hour SCr levels was performed. Significance was set at p<0.05.
RESULTS
Patient characteristics
A total of 405 patients with BSI were enrolled at our hospital during the 11-year period of the study (figure 1). After the exclusion of 79 patients, 326 patients were included in the study, of whom 100 had undergone angiography and 226 had not. Among the 100 patients who had undergone angiography, 86 received initial angiography, and 14 received an angiography after the failure of clinical observation. Among the 226 patients who did not have angiography, 150 received only clinical observation, 63 had initial laparotomy due to unstable haemodynamics or suspicion of peritonitis, and 13 had the conversion to laparotomy because of failure in clinical observation (NOM failure). The mean age of the studied population was 36.3±17.3 years, and majority were men (n=236, 72.4%; table 1). No significant difference was seen between the patients with and without angiography in regard to the BMI, comorbidities (hypertension, liver cirrhosis and diabetes mellitus) and personal history (smoking, alcohol consumption). The injury severity (SIS and ISS) and the presented initial vital signs were similar between these two groups of patients, except that there were less patients categorised as SIS I who had undergone angiography. CT examination revealed that there was a higher incidence of contrast blush and large haemoperitoneum but a lower incidence of kidney trauma in patients who underwent angiography than in those who did not.
Renal function and outcome during the hospitalisation No significant difference was found between the two study groups in terms of the initial Hb, SCr or eGFR level on arrival at ED, 48 hours later or at discharge (table 2) . However, at 24 hours, the Hb level of those who underwent angiography was significantly lower than that of those who had not undergone angiography (10.1 ±1.6 vs 10.8±2.3, p=0.002), which could imply that angiography may be correlated to patients with an observed or expected increase in blood loss. This phenomenon could also be reflected with an increased number of units of blood transfusions at the ED for those who underwent angiography compared with that for those who did not (2.3±2.5 vs 1.6±3.0, p<0.001). Furthermore, an initial acute renal insufficiency was noted in the total. In either group, the renal function, measured by SCr and eGFR levels, gradually improved at 48 hours when compared with the measurements taken on arrival at the ED. Likewise, renal function also gradually improved at discharge when compared with the measurement taken 48 hours after arrival.
Incidence of CIN and outcome
Thirty-six patients, who met at least one of the three criteria and survived for at least 48 hours after abdominal CECT, were investigated. No significant difference in the incidence of CIN was found between these two groups of patients regardless of the criteria for identifying CIN. Those patients with BSI who had undergone angiography stayed longer in the hospital (18.2 vs 14.0 days, p=0.002) and ICU (6.0 vs 4.7 days, p=0.002) than those who had not undergone angiography. The overall mortality of the BSI patient population was 6.1% (20/326) and no significant difference in mortality rate was found between these two groups of patients.
Analysis of the grouped participants
Comparisons of the initial and 48-hour SCr levels of the grouped participants according to various conditions are summarised in table 3. In the group of patients aged ≥55 years, those who underwent angiography had a significantly worse 48-hour SCr level than those who had not. In contrast, the groups of patients with an ISS≥16, an SIS of 4/5, and a 24-hour Hb<10g/dL who underwent angiography had a significantly better 48-hour SCr level than those who did not. However, the differences in the SCr level may not be large and generally <0.1. In addition, there was no significant difference in the 48-hour SCr level between these two groups of patients when they were classified according to sex, large haemoperitoneum revealed on CT, SBP<90 mm Hg, initial Hb<11 g/dL, initial SCr>1.5 mg/dL, initial eGFR<60 mL/min or kidney trauma. In addition, 91 well-balanced pairs of patients were assessed for outcome assessment after propensity score matching of age, gender, ISS, SIS and 24-hour Hb (table 4). In these propensity score-matched patients, who present no significant difference in co-variables of age, gender, ISS, SIS and 24-hour Hb, patients with angiography present no significant outcomes including 0-hour SCr (1.1±0.4 vs 1.0±0.3, p=0.338) and 48-hour SCr (0.9±0.5 vs 0.9±0.5, p=0.873) levels than those who had not received angiography.
DISCUSSION
In this study, a 10% incidence of CIN was seen under different criteria. However, there was no significant difference regarding the occurrence of CIN in terms of measuring the 48-hour SCr or eGFR between patients undergoing abdominal CECT with and without angiography was 11-13% and 8.8-9.2%, respectively. The results indicate that a second dose of contrast for angiography does not increase the incidence of CIN or injure the kidney despite prior CECT. In addition, in these propensity score-matched 91 well-balanced patients, who present no significant difference in co-variables of age, gender, ISS, SIS and 24-hour Hb, there was no significant difference in 0-hour and 48-hour SCr levels between the patients with and without angiography. The results of this study are consistent with the report that intravenous contrast administration is not associated with excess risk of acute kidney injury among patients with comorbidities reported to predispose them to nephrotoxicity. 12 The results are also supported by some studies in trauma populations that failed to identify contrast dosage as a predisposing factor for CIN. 8 10 13 14 16 17 19 25 Accordingly, it appears that the risk of intravenous contrast-induced nephrotoxicity may not really be as great as we have come to believe.
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Although some authors have found that there was no association between increasing age (>55 years) and risk for CIN, 3 16 this study revealed that age ≥55 years was a risk factor for renal function impairment after second contrast exposure. This observation is in consistent with the study of Colling et al 17 and Plurad et al; 28 both studies found a significantly increased risk of renal impairment in patients with trauma older than 55 years. It is not surprising to find that older populations are prone to developing renal injury when critically ill and undergoing invasive procedures. 28 However, in contrast to most medical literature that demonstrates anaemia and hypotension as being risk factors for CIN, we did not identify the association of anaemia and hypotension with the occurrence of CIN. Since the initial low Hb and hypotension in patients with trauma may be transient and could be reversed after adequate resuscitation, anaemia and hypotension as risk factors may not be entirely applicable in the trauma population. 10 14 17 In the study by Plurad et al, 28 analysis of 2574 trauma admissions demonstrated that initial presentation of hypotension is not an independent risk factor for posttraumatic acute renal dysfunction. It appears that the effects of hypotension on subsequent renal function are variable, depending on its duration and the patient population. Accordingly, it seems reasonable that an initial SBP<90 mm Hg was also not identified as a risk factor for renal dysfunction following contrast exposure in our study. 10 14 17 Likewise, since the initial Hb level at the acute stage cannot represent the amount of actual blood loss, an additional 24-hour Hb level of <10 g/dL was adopted as a variable in this study. However, we did not find an adverse impact on renal function in patients with anaemia with initial Hb<11 g/dL or 24-hour Hb<10 g/dL. Moreover, in the groups of patients with a 24-hour Hb<10g/dL, the patients who underwent angiography had a significant improvement, but with a very mild difference, in their 48-hour SCr level.
Although an ISS of ≥16, as an indicator of major trauma, 8 17 25 has been reported to be independently associated with post-traumatic acute renal dysfunction, 28 we did not identify an adverse impact on the renal function of those patients who had an ISS of ≥16 or an SIS of 4/5 and underwent angiography. This finding is in accordance with some reports describing that an elevated severity of injury does not predispose patients with trauma to an increased risk to kidney injury even after receiving contrast-enhanced imaging studies. 10 13 14 In patients who had an ISS of ≥16 or an SIS of 4/5, those who underwent angiography even had a significantly better 48-hour SCr level than those who did not. We believe that this result is most likely attributed to vigorous fluid resuscitation after the angiography. Therefore, it seems that CIN is unlikely, even after increased contrast exposure in patients with severe trauma, provided that adequate hydration is given.
While elevated SCr levels have been found to be associated with an increased risk for CIN in some studies of the trauma populations, 3 9 18 other studies reported that the initial SCr level (≥1.5 mg/dL) is not a risk factor for CIN. 8 10 17 In addition, another study reported that an SCr level of ≥1.3 was not associated with CIN in patients with trauma, and suggested that the benefits may outweigh the risks for contrast administration in patients with trauma with an elevated SCr level. 19 In this study, there was no significant difference in the 48-hour SCr level between these two groups of patients when subdivided by the initial SCr level >1.5 mg/dL or initial eGFR level <60 mL/min. Interpretation of the results may be more complex in the trauma population because of the probable initial hypovolaemic status which is reflected in the improvement of SCr level on arrival at ED, at 48 hours, and to the time at discharge in this study. It is rational to suspect that the trauma may have caused the initial elevation in SCr level and the subsequent reduction in SCr level is most likely to be the result of restoration of fluid status rather than that of contrast administration or the procedure itself. Taken together, although controversies still exist regarding the adverse effect of pre-existing renal insufficiency on the vulnerability to CIN, it appears that extensive contrast exposure may not be contra-indicated in patients with initial elevations in the SCr level (ie, SCr>1.5 mg/dL). Accordingly, the results of this study support the viewpoint of previous studies that mild or moderate renal insufficiency should not preclude patients from receiving contrastenhanced imaging studies or therapeutic procedures, because the benefits outweigh the risk of missing a possible injury or delaying appropriate management. 8 10 17 19 In addition, we are also in agreement with the study of Katzberg et al, 11 which reported that thresholds of SCr above which contrast medium were withheld for enhancement image studies should be increased to improve the accuracy of enhancement imaging studies.
This study has its limitations. First is the retrospective design with its inherent bias and relatively small numbers of patients included in this study. In addition, there was a majority of young population with relative few old patients in our study. A prospective larger randomised controlled trial would provide more validated information regarding the findings in this study. Second, instead of creatinine clearance, which is able to reflect a more accurate renal function, SCr level was used for comparison under the condition that 24-hour urine collection was not possible in the ED. Finally, the lack of detailed data on administrated fluid volume, contrast dosage and long-term renal function after discharge may cause some bias; however, we expect that these biases were randomly existent in both groups of patients.
CONCLUSIONS
This study demonstrated that angiography did not increase the incidence of CIN and did not have an adverse effect on renal function in patients with BSI who had undergone CECT. These findings support the NOM of patients with BSI provided that close monitoring is done to ensure that further contrast exposure from angiography does not impair renal function, even under the setting of anaemia, hypotension or severe trauma. 
